Liposome-doped nanocomposites as artificial-cell-based biosensors: detection of listeriolysin O.
Listeriolysin O (LLO) is a pore-forming hemolysin secreted by the foodborne pathogen Listeria monocytogenes and is required for bacterial virulence. Current detection methods for L. monocytogenes are time-consuming, labor-intensive, and expensive, which is impractical considering the limitations of food storage. To overcome these problems, we developed a liposome-doped silica nanocomposite as a simple, inexpensive, and highly stable biosensor material that mimics existing whole-cell assays for LLO. Small unilamellar liposomes containing fluorescent dyes were immobilized within porous silica using alcohol-free sol-gel synthesis methods. The immobilized liposomes served as cellular surrogates for membrane insertion and pore formation by LLO. The integrity of liposomes in the solid-state sol-gel glass was investigated by fluorescence quenching and leaching assays. The materials were stable for at least 5 months in ambient conditions. Both free and immobilized liposomes responded to LLO at pH 6.0 with concentration dependent kinetics. The pore formation of LLO in liposome-doped silica composites displayed similar kinetic curves as free liposomes but with slower rates. LLO insertion into the immobilized liposomes was pH dependent. No increase in membrane permeability was observed at pH 7.4 for the liposome-doped composites in the presence of LLO. Immobilized liposomes can detect LLO in approximately 1.5 h using a steady state calibration and within 30 min using a kinetic calibration. These liposome silica composites potentially could be used for the detection of hemolysin producing L. monocytogenes as well as the many other bacteria that produce pore-forming toxins.